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SIMULATION OF THE HYDROGEN DISTRIBUTION AND REMOVAL
IN THE CONTAINMENT OF VVER-1000 NPP

Last safety barrier of new generation VVER-type NPP is leak-tight
containment. Its integrity is determined by character of a lot of thermophysical,
aerodynamic and physico-chemical processes accompanying severe accidents
with loss of coolant. These processes are described by mathematical models of a
code KUPOL-M developed in IPPE.
The calculations of heat and mass transfer processes during LOCA including
hydrogen distribution in containment, carried out by KUPOL-M, have allowed to
receive values of concentration of hydrogen and oxygen in each compartment and
to make a choice of catalytic recombiner’s productivity and their arrangement in
containment. Sufficiency of use of 80 recombiners for maintenance of

inflammability of containment atmosphere is shown.
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PACUETHOE MO/IEJJMPOBAHUE PACIIPOCTPAHEHUS U
YIAJIEHUS BOJIOPOJIA B 3AIIIUTHOMN OBOJIOUYKE
ADC C BBIP-1000

[Tocnennum Gaprepom OezonacHocTH TpH aHanu3e aBapuii Ha ADC ¢ BBOP
HOBOTO TIOKOJICHHSI siBisieTcs 3amutHas obosnouka (30). Ee 1emocTHOCTH
OTpENeNSIeTCSl  XapakKTepoM IMPOTEKAaHUs IIEJIOT0  psifa  TerIoPU3NYECKUX,
AIPOAMHAMUYECKUX U  (U3UKO-XUMHUYECKHX TIPOIECCOB, COIMPOBOKIAIOIINX
3alPOEKTHBIE aBapUM C TEUYbIO TEIIOHOCUTENS. DTH MPOLIECChl OMUCHIBAIOTCS
Marematuueckumu Mmoaensimu koga KVYIIOJI-M, paspaboranHoro B ®Dusmko-
HHEPreTUYECKOM HWHCTUTYTE C IEJIbI0 TPOBEICHUS pacYeTOB B OOOCHOBaHUE

oesomacuoctu ADC ¢ BBDOP.



Pacuersl TemomaccomepeHoca € pacrnpocTpaHeHueM Bojgopona B 30,
npoBeneHnbie 1o koay KVYIIOJI-M, mno3Bonwiau  MOAYy4YUTh  3HAYEHHS
KOHILIEHTPALMI BOJAOPOJA M KHUCIOPOAA B KaxIoM nomenieHnd 30 U MpOBECTH
BBIOOpD MPOU3BOJUTEIBHOCTH KaTAIUTUYECKUX PEKOMOMHATOPOB BOJIOPOJA H
cxembl ux pasmemienus B 30 ADC. IloBepouHblii pacyeT peKOMOMHALMH
BOZOpOJA IOKa3aj JOCTaTOYHOCTD UCIIOJIb30BAHUS BOCBMUJIECATU
KATATATHYECKUX PEKOMOMHATOPOB JUTS oOecreyeHus
nosxxapos3pbiBoOe3onaciocty B 30 ADC ¢ BBOP-1000 mpu mnporexkanuu

3aIIPOCKTHOMN aBapuu.

1 Cuenapuii aBapun

3a Haubosee OMacCHYI0 3alPOCKTHYIO aBAPUIO C TOUYKU 3PEHUS] HAKOIUICHHMS
BOJIOPO/Ia B KOHTEHHMEHTE MPUHSTA aBapHsl C TUILOTUHHBIM Pa3pbIBOM TJIABHOTO
mUpKyJIsiiuoHHoro tpyoomnposoga [y 850 u monnsiM obectounBanuem ADC.
[Ipu sToMm, 3a cuer OWIMOOK OmepaTopa AKTUBHAs 30HA OCYIIAETCS B KOHIIE
BTOPOr0 4Yaca NPOTEKaHUs aBapUM M HAYMHAETCS HEKOHTPOIUPYEMBI poOCT
temrneparypel TBOJI. KomnuecTBo BOIBI, MOJaBaéMOM B AKTHUBHYIO 30HY H3
TUAPOEMKOCTEN BTOpPOM cCTymneHu, sBisieTcss noctatoudHbiM (10 -12 kr/c) ans
OKHUCJIEHUS] BCEro LIMPKOHMSI AKTUBHOM 30HBI B TeueHue yaca. CpabaTbiBaHMe
CIOPHUHKJIEPHOM CHCTEMBbl MPOUCXOJUT 4Yepe3 CYTKM OT Hayaja aBapuu IOcCie
BOCCTaHOBJICHHSI SHEPIOCHA0KEHUS CTAaHIUU.

B kauyecTBe HMCXOAHBIX JAHHBIX MO Macceé W SHEPrHuH TEIJIOHOCUTES,
BbIOpAChIBAEMOT0 M3 pa3pblBa TPyOONpOBOAA, MPHUHATHI PE3yNbTAThl pacyeTa,
npoBegeHHoro B OKb «I'maponpecc». B tabmuue 1 mpuBeneHbl UCTOYHUKH

MOCTYTUICHUS BOJI0poJia B 00beM 30.



2 Hopaau3anus pac4eTHOH 00J1acTH

Pacuetnas obnacts, Mmoaenupyromias 30, npeacTaBisuiach 28 MOMEIICHUSIMH
¢ 44 cBs3siMu Mexay HUMU. Boiaeneno 113 TennoBbIX CTPYKTYp, MOJAETUPYIOIINX
CTEHBI TOMEIIEHUH W pasznuyHoe obopyaoBanue. Cxema 30 C pacyeTHBIMH
NOMENIEHUAMM Mpe/cTaBieHa Ha puc. 1. Pa3ppiB riaBHOro HUPKyISLIHOHHOIO
TpyOOIIpOBOIa MOJEINPOBAJICS B OOKce maporeneparopa (rmomemieHue Ne5).

3 Pe3yabTaThl pacyera

B cucreme aBapuiiHOro yjajneHuss BOJOpPOAA HCIOIb30BAJIUCh MACCUBHBIE
Karanutuueckue pexomounaropsl Bogopoaa (IIKPB) paspabotku ADII - PHI]
KU tuna BITSIM-87. Ux ocHOBHbIE XapaKTEpUCTUKH MPUBEICHBI B TabauLE 2.

Ha ocHoBe ananu3za pacuera pacrnpocTpaHeHus BOAOPpO/ia no nomeuieHusm 30
Opy MPOTEKAHWU 3aMpOeKTHON aBapuu Obuid BbIOpanbl Tunbl [IKPB, wux

KOJIMYCCTBO M PACIHOJOKCHUC 11O ITOMCIICHUAM. Ot JaHHBIC TPEACTABJICHLI B

tabnuue 3.
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Puc. 1. Cxema 30 c BbIIAEIEHHBIMU PACYETHBIMU ITOMELIEHUAMHU
Hcnonb3oBaHue BBHIOPAHHOW CHCTEMbl YAAJICHHUsS BOAOPOJA IMPUBOIUT K

CYILIECTBEHHOMY HM3MEHEHHUI0 ero koiudectBa B oobeme 30. Ha rpacduke puc.2



JUIsl CpaBHEHHUs MPUBEJEHbl KpHUBBbIE M3MEHEHUs macchl Bogopoaa B 30 0e3
(YHKUMOHUPOBAHUS CHCTEMbl aBapUIIHOTO yJaJeHHs BOJOpoAa U C €€
¢ynkunonupoanuem. Ha puc. 3 mnpeacraBinena cpeassss no oOsemy 30
KOHLEHTpalusi Bojopoaa. He cMoTps Ha A0CTaTOYHO OOJIBLIYIO CPEIHIOO
KOHLEHTpAIMI0O B MaKCUMyMe, Tpelieibl paclpoCTpaHEHUs IUIAMEHU B
nomeimieHusx 30 He peanusyrorcs, T.K. OoJiblias KOHLEHTpauusi BOAOpOAA
XapakTepHa B OCHOBHOM /Jii OOKCOB NaporeHepaTopoB, TIJ€ OTCYTCTBYET
KHUCIIOPOJ ¥ HAXOAUTCS OO0JIbILIOE KOJIMYECTBO Napa.

[Ipyu pexoMOuHALMU BOJOPOJA, IMOCTYNMBIIETO W3 AKTHUBHOM 30HBI,
CYLIECTBEHHO TMaJaeT CpeHsis KOHUEHTpauus Kuciopojga. OpHako B
JaNbHEHIlIeM, HEIOCTaTOK KHUCIOpoAa KOMIIEHCHUPYETCS pPaJuoJIM30M BOJABI B
npusiMke (puc. 4).

Ha puc. 5 - 8 mpuBeneHbl pe3ynbTaTbl pacueTa U3MEHEHUS] KOHUEHTpPAIUN
BOJOPO/a W KHUCIOpOAa B MOMEIIEHUAX NpHU (DYHKIIMOHMPOBAHUU CHUCTEMBI
aBapUMHOrO yAaJieHHWs BOJOPOJA B CPAaBHEHUHM C PacyeToM, MPOBEACHHBIM 0€3
(GYHKUMOHUPOBAHUS  CUCTEMbl. B 4acTHOCTM  KOHUEHTpauMs BOAOPOAA,
npesslatomas 4% npenen, Hadmoaaercss B nomewenuu I (puc. 5) ogHako B
ATOT MOMEHT BPEMEHH B OOKCE OTCYTCTBYET Kuciopon (puc. 6). Ero HemoctaTok
OTpeNIeIIAeTCSl BBITECHEHHEM IMapoM W peKkoMOuHanued Bogopona. Puc.7 wu 8
WUTIOCTPUPYIOT T0Kapo0e30MacHyl0 OOCTaHOBKY B OCHOBHOM o0beme 30

(MOJIKYTOJIbHOE MPOCTPAHCTBO).



3akiouyeHnue

[IpoBeneH aHanu3 W ONpEAesieHbl HMCTOYHUKH BOJOPOJAa B 3alllUTHOU
obomouke ADC c¢ BBOP-1000 mpu 3ampoekTHOW aBapul C THIbOTHHHBIM
pa3pblBOM  TJIABHOTO  LUPKYJSIMOHHOTO  TpyOompoBojga U moOTepei
SHEProcHaOKEeHUS.

I[To xogy KVYIIOJI-M mnpoBeaeH pacuer pacnpoCTpaHEHHUs BOAOpOAa IO
MOMEIIECHUSIM 3alUTHOW oOonouku ADC B mepuoj pa3BUTHS 3aMPOCKTHOM
aBapuu (24 uaca) u B mocraBapuiiHblii nepuoj (30 cyrok). Ha ocHoBaHuu
MOJIYYCHHBIX PACUYETHBIX PE3YJIbTATOB OMpENEiICHbl TPeOOBaHUA K CHCTEME
aBapuitHOTO ynajeHust Bogopoaa. [IpoBeneHHbIe pacdeThl ¢ PyHKIIMOHUPOBAHUEM
BBIOpAHHOW CHCTEMBbI aBapUITHOTO YJaJeHUs BOJOpPOAA TMOKa3ajid, 4YTO OHa

ITOJIHOCTBIO BBIITOJIHACT CBOU ®YHKHHH
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Puc. 2. Macca Bogopona B 30
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Puc. 3. Cpenusis no o0beMy KoHIIEHTpatus Bojgopoa B 30
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Puc. 4. Cpenusst no o0beMy KOHIIEHTpalus kuciopoaa B 30
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Puc. 5. O6nemuas koHeHTpaius Bogopoaa B 6okce I1I" (momernenue Teun)
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Puc. 6. O6beMHas koHIIeHTpalus Kuciopoja B 6okce I1I7 (momenienue Teun)
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Puc. 7. O0beMHast KOHLEHTpaUus BOAOPOAA B MOJKYIIOJIBHOM ITPOCTPAHCTBE
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Puc. 8. O0bemMHast KOHIIEHTpAIUs KUCIOPOa B TIOJIKYIIOJILHOM MPOCTPAHCTBE



Tabmuua 1
JIldHAMHKA ¥ KOJMYeCTBA MOCTYIJIEHUsI BOJAOPO/a NPH 3aNPOEKTHOI aBapuu

I'enepauust Bogopoaa no Bpemsi, yacbl/cyTKH
OTaeJbHBIM HCTOYHHKAM 1 24 744
U CyMMapHasi, m,Kr - 1 31
Panuonus B akTUBHOM 30HE 1.5 13 102
[TapoumpkoHueBas peakius 0.0 1250 1250
Panuonus B npusimke 1.3 32 1000
Pannonus B 6acceiine BbIIEPKKU 0.1 2 44
Pasznoxxenue runpasuH-ruapara u 26.8 54 54
aMMHaKa
CymMmapHoe nmocrynjieHme 29.7 1351 2450
BOJIOPOJA, My, KT
Konuenrpauusi Bogopoaa,
ycpeaHeHHasi 10 00beMy 0.3 6.3 24.5
KOHTeliHMeHTAa, 00. %

Tabmura 2

XapakTepUCTHKHU MACCHBHBIX KATAJIUTHYECKHX PEKOMOUHATOPOB BO0PO/IA

Tuna BITSAM
Tun IIKPB ['eomeTpuueckue [Tpou3BOANTENHHOCTH, KI/4ac
napameTpbl (mpu P=0,2 MIla, T = 373,15 K)
Bricora, M | CeueHue, M’ 3% H, 5% H, 8% H,
Reco 4 1.5 0.2x0.6 3.0 6.0 12.0
Reco 5 1.5 0.4x0.6 7.0 14.0 28.0
Reco 6 1.5 04x1.2 15.5 31.0 62.0
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TabOmuna 3

Xapakrepuctuka nomemenuii 30 u pasmemenue B Hux [IKPB

NoNe o KomunuectBo
CcXeMme HaumenoBaHne nomenieHus ITIKPB
1 "JloBymka" Reco 4
2 BenTuiibHble KaMepbl M BBICOKOTEMIIEPATYPHbBIC 6 Reco 6
(bUIABTPHI
3 Bentuentp Reco 5
4 [Tomemenne Guibrpo CBO-2 Reco 4
5 bokc I'I[H, I1I", momenienne 6apboTaxxHoro 6aka 8 Reco 6
6 bokc I'TIH, I1T", nomemenune 6apooTaxkHOrO Oaka, 8 Reco 6
KOMIIEHCATOPa JIaBJICHUS
7 Kopunopst ¢ ot™m. 14,14 no 31.7, manyOsr I'TIH, 4 Reco 6
11axTa PeBU3HH BEPXHEro OJ0Ka
8 OTceku OacceitHa BBIICPKKU U IEPETPY3KH TOTUTHBA Reco 4
9 [Taxte! peBuzun BKY u B3T, Gacceiin neperpy3ku Reco 4
BKY
10 |IIaxTa annmapara ¢ otMm. 11.0 1o 21.6 Reco 4
11 KoHteiHepHbIil 0TCeK OacceiiHa BBIJICPKKH Reco 4
12 |Moiika Reco 4
13-18 |KabGenbHble ranepen Reco 4
19  |PesepBHO€ nomenieHue y 3 ocu 000JI0YKHU Reco 4
20-22 |KabGenbHbIe Tasiepen Reco 4
23 |IJaxra anmapara ¢ ot™. 21.6 go 31.7 Reco 4
24  |IlonmoBwHA HIKHEW YacCTH 00BhEMa MOIKYIIOIHHOTO 3 Reco 6
npoctpaHcTBa ¢ oT™. 31.7 1o 43.9 (anmapaTHbIi 3ai1)
25  |llosioBuHA HUXHEW YacTH 00beMa MOAKYOJIHLHOTO 3 Reco 6
npoctpaHcTBa ¢ oT™. 31.7 1o 43.9 (annapaTHbIii 3aJ1)
26  |IlonoBuHa cpeaHelt yacTH 0ObeMa MOJIKYIOJIBHOTO 3 Reco 6
npocTtpancTBa ¢ 0TM. 43.9 o 60.0 (anmapaTHbIN 3ai1)
27  |IlonoBuHa cpeHelt 4acTu 00beMa MOJAKYIOJIBHOTO 3 Reco 6
npocTtpancTBa ¢ 0TM. 43.9 1o 60.0 (anmapaTHbIN 3ai1)
28  |BepxHsd 4acTh MOAKYNOJIBHOIO MPOCTPAHCTBA OT 3 Reco 6
otM. 60.0 10 66.0 (anmapaTHBbIit 3a1)
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